Abstract. Quantifying the magnitude of post-depositional processes affecting the isotopic composition of surface snow is essential for a more accurate interpretation of ice core data. To achieve this, high temporal resolution measurements of both lower atmospheric water vapor and surface snow isotopic composition are required. This study presents the first continuous measurements of water vapor isotopes performed in East Antarctica (Kohnen station) from December 2013 to January 2014 5 using a laser spectrometer. During our monitoring period, the synoptic variability of the water vapor isotopic composition is found to be low compared to the diurnal cycle and we therefore concentrate our study on interaction between the isotopic composition of the vapor and the snow surface on a diurnal timescale. The peak-to-peak amplitude of the snow surface isotopic composition over 24 h reaches 3 ‰ for δD, in phase with the diurnal variations of δD in surface vapor, which itself has 10 an amplitude of 36 ‰. A simple box model treated as a closed system has been developed to study the exchange of water molecules between an air and a snow reservoir. In the vapor, the simulations show too much isotopic depletion compared to the observations. Mixing with other sources (wind advection, free troposphere) has to be included in order to fit the observations. At the snow surface, the simulated isotopic values are close to the observations with a snow reservoir of ∼5 mm depth 15 (range of the snow sample depth). Our analysis suggests that vapor-snow exchanges can no longer be considered insignificant for the isotopic composition of near surface snow in central Antarctica.
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(range of the snow sample depth). Our analysis suggests that vapor-snow exchanges can no longer be considered insignificant for the isotopic composition of near surface snow in central Antarctica.
Introduction
Thanks to the design of mass spectrometers and their application to water stable isotopes since the 1950s, precipitation has long been sampled for laboratory stable isotope analyses in order to trace 20 atmospheric processes related to the hydrological cycle (e.g., Dansgaard, 1964) . Past changes in precipitation isotopic composition have also been investigated using a variety of natural archives.
Among these, ice cores form one of the most direct records of the isotopic composition of past precipitation. In Antarctica, water stable isotope measurements are central for past climate reconstructions from these ice cores, through atmospheric distillation processes connecting temperature, 25 condensation and isotopic composition (Masson-Delmotte et al., 2008, e.g.,) . However, the relationship between precipitation isotopic composition and climate is complex, as it is affected by fractionation taking place at each phase transition, at evaporation, during atmospheric transport, and condensation.
While spatial relationships have been documented using surface snow data (Masson-Delmotte 30 et al., 2008) , only few studies have examined the drivers of Antarctic precipitation isotopic composition variability at the meteorological or shorter time scales (Fujita and Abe, 2006; Schlosser et al., 2004) . In this study we focus on these timescales. The climatic controls on precipitation isotopic composition have been investigated under different climatic contexts thanks to the implementation of stable water isotopes into Atmospheric General Circulation Models (AGCM) (Joussaume et al., 35 1984, e.g.,). Classically, the mean precipitation isotopic composition simulated by atmospheric models is directly compared to ice core data, thereby ignoring potential post-deposition processes which may transform the initial precipitation signal in the upper part of the firn. In this study we aim at investigating one such post-deposition process: the exchange between atmospheric water vapor and snow.
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The possibility to monitor isotopic exchanges between surface snow and low level atmospheric water vapor has emerged thanks to recent technological development. New laser spectrometers have been released by two companies (Los Gatos Research Inc. and Picarro Inc.) in the 2000s, creating a substantial advance within the field of water isotope research. These analyzers are able to perform continuous and in-situ measurements of the humidity mass ratio (hereafter humidity mixing ratio)
Here, we report the first surface vapor isotope measurements performed above the Antarctic ice sheet. These measurements were performed at the German Kohnen station, a deep ice coring site with intermediate temperature and a moisture level high enough in the summer for making accurate measurements of the water vapor isotopic composition. After a brief overview of the Kohnen station environment (Sect. 2), this article details the successful implementation of continuous measurements 70 of water vapor isotopic composition during the months of December 2013 and January 2014. Section 3 (material and methods) describes our protocol for water vapor data processing, and reports the accuracy of the data. We also report the parallel surface snow sampling over 35 hours (hereafter SSDC experiment for Snow Surface Diurnal Cycles) and the subsequent laboratory measurements.
We introduce simulations performed with two atmospheric general circulation models (LMDZiso 75 and ECHAM5-wiso) equipped with stable water isotopes and used for comparison with our observational data. Atmospheric general circulation models equipped with water stable isotopes are commonly used to quantify the relationships between simulated climate parameters and Antarctic precipitation water stable isotopes, at different time scales. Here, we therefore explore the ability of the two models to capture the diurnal and synoptic variability observed during our field campaign.
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In Sect. 4, we present observed and simulated values, first for the day to day variability and then we focus on the diurnal cycles. We compare the diurnal variability of the isotopic composition of the water vapor and of the very first layer of surface snow through a box model. The last section summarizes our key conclusions and perspectives. The Cryosphere Discuss., doi:10.5194/tc-2016 Discuss., doi:10.5194/tc- -4, 2016 Manuscript under review for journal The Cryosphere Published: 22 February 2016 c Author(s) 2016. CC-BY 3.0 License. vanish around 15 h (UTC time) (Van As et al., 2005) . The katabatic regime can be interrupted by the 90 influence of synoptic systems responsible for the majority of the rare precipitation events at Kohnen, bringing small precipitation amounts during the summer season. From December 2013 to January 2014, five snowfall events were observed and no significant snow accumulation was detected from daily measurements of snow surface height within a precision of ∼1 mm.
The mean temperature for the month of January 2014 was -25°C, similar to the climatological 95 average (-25±2°C, 1998 to 2013) . Both temperature values are based on hourly data from the permanent Automatic Weather Station at Kohnen (hereafter AWS9, described in Sect. 3.1). The diurnal cycle in the air temperature has an amplitude of 10°C (Fig. 3) , which is consistent with the earlier observations of Van As et al. (2005) at Kohnen. During clear sky conditions, the net radiation at the surface is predominantly positive during the day (i.e., a dominant energy gain by shortwave 100 emissions from the sun despite a high albedo of the snow surface) and negative during the night (i.e., a net loss by longwave emissions from the surface), imprinting a strong diurnal cycle to the surface temperature.
The surface of the ice sheet around Kohnen is characterized by the presence of large sastrugi, created by wind redistribution and sublimation of snow, hence producing considerable variability 105 in the snow surface age, origin, density and isotopic composition. In particular, very hard dunes sticking up above the mean surface level may be half a year old and are expected to have a different isotopic composition from the freshly deposited snow.
Material and methods

Weather observations
110
Weather observations are reported every hour and precipitation events are labeled 'snowfall' or 'light snowfall'. A snowfall event leaves a visible accumulation on flat surfaces (for example transport boxes) whereas during a light snowfall event no visible accumulation is observed.
Two Automatic Weather Stations (AWS) were also installed at Kohnen. AWS9 is permanent and performs hourly measurements since ∼1998, whereas AWS 13/14 was only temporarily installed at
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Kohnen for the summer season and performed measurements every minute. Both were measuring the air pressure, temperature, relative humidity, wind speed and wind direction at 2 m above the snow surface. Their relative locations are indicated in Fig. 1 .
Water vapor sampling system
Measurements of water vapor isotopes in the near surface atmosphere were performed from 2013/12/17 120 to 2014/01/21 using a Los Gatos Research Inc. analyzer (hereafter simply analyzer), type DTL-100. switch the valves and alternate between the inlet measurements and WVISS calibrations. Dry air was flushed through the system to check for leaks. The order of measurements during the campaign was the following: 12 minutes calibration followed by three cycles of 33 minutes, measuring 11 minutes at each inlet.
Calibrations
150
The calibration protocol follows Steen-Larsen et al. (2013) . In short, one calibration is applied to the humidity mixing ratio and then three types of calibrations of the measured water vapor isotope signal are performed: instrumental humidity-isotope response calibration, VSMOW-SLAP calibration and drift correction. More details about the calibration procedures are given in the supplementary material.
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The humidity mixing ratio is calibrated against the relative humidity measured by the AWS9.
We first apply the Anderson correction to the AWS9 relative humidity (Anderson, 1994 ) and then we convert the relative humidity into the humidity mixing ratio q using the surface pressure (Goff- . We have checked the linear relationship between δD vs q (shown in Table 5 ) with/without this calibration and conclude that the slope is not sensitive. Table 1 ) and we have 180 therefore simply calculated the mean value to obtain our conversion slopes : α δD = 1.43 ± 0.02 and α δ 18 O = 1.00 ± 0.03 (uncertainties are the standard error of the mean value).
Finally the measured isotopic value is corrected for the drift by measuring vapor generated by the WVISS when evaporating the prepared working standard. This measurement is performed every 111 minutes during 12 minutes and linear interpolation is assumed between each 'drift'-correction 185 measurement.
Precision and accuracy of measurements
We use the following notation to describe the error propagation, with δ* standing either for δD or
1. The raw isotopic composition (direct output from the analyzer without any corrections) aver-
190
aged over 11 minutes is δ * raw ± dδ * raw with dδ * raw the standard error associated with the mean value.
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2. The humidity isotope response associated to δ * raw is Γ * ± dΓ * with dΓ * the uncertainty associated with the humidity correction. dΓ * is for a given q and a given time the absolute difference between two humidity isotope responses from two consecutive humidity calibrations. dΓ * is 195 therefore taken as the maximum possible error on the humidity correction.
3. The slope conversion to the VSMOW-SLAP international scale is α * ± dα * with dα * the uncertainty associated with the slope. dα * is the standard error of the mean value of the slopes from the 4 different VSMOW calibrations.
4. The drift correction is µ * ± dµ * with dµ * the uncertainty associated with the drift correction.
200 dµ * has been estimated at the end of the campaign by performing an extra 24 hours calibration with a stable humidity.
5. The corrected isotopic composition is δ * corr ± dδ * corr with dδ * corr the final uncertainty containing both the precision and the accuracy on the corrected measurements.
We apply the three corrections (humidity isotope response, conversion to the VSMOW-SLAP 205 scale, drift removal) to calculate the corrected isotopic composition at a given time:
We obtain a final uncertainty on the corrected isotopic composition by applying an error propagation calculation, assuming no correlation between the three corrections:
With A * standing for the accuracy of the measurements and P * standing for the precision of the measurements. We have attributed the part A * to the accuracy because the uncertainty on the VS-MOW correction will affect the mean value of the data over the campaign. Each correction depends on the time of the measurement (the drift varies through time, the humidity isotope response as well) and Table 2 summarizes the different orders of magnitude of the parameters with the estimated 215 precision/accuracy.
We estimate a precision of the measurements of 3.0 ‰ for δD and of 0.9 ‰ for δ 18 O. We estimate an accuracy of the measurements of 11 ‰ for δD and of 2.5 ‰ for δ 18 O. When focusing on the mean diurnal cycle, we will get a higher precision by calculating hourly averages over 18 days (Sect. 
4.2).
Surface snow sampling and analysis
In order to detect any snow accumulation or depletion (due to snowfall events or wind drift), 100 thin wood sticks were distributed every meter along a 100 m transect in a clean area. Over a duration of 50 days -from 2013/12/07 to 2014/01/27 -no accumulation or depletion was detected through daily measurements with a precision of one millimeter.
225
The Snow Surface Diurnal Cycle experiment (SSDC) was devoted to the detection of a diurnal cycle in the isotopic composition of surface snow. To this aim, we sampled the surface snow hourly for a 35-hour period during clear sky weather, from 2014/01/08 to 2014/01/10 (as it is shown in 2, medium snow; patch 3, soft snow), and took 5 adjacent samples from each patch every hour. The surface of the snow (upper ∼ 2-5 mm) was scraped into a plastic bag, which was sealed and shipped for subsequent isotope measurements at the AWI. Snow samples were measured at AWI using two water isotope analyzers Picarro, type L1102-i and L2120-i. The protocol followed Geldern and Barth (2012) . (Risi et al., 2010) . For our purpose this model has been run with a vertical resolution of 39 levels and a horizontal resolution of 2.5°x 3.75°. Simulations are constrained by sea surface temperature data from the National Centers for Environmental Prediction (NCEP) and nudged to the 6-hourly ECMWF analyses using only the wind fields.
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Both ECHAM5-wiso and LMDZiso simulations have been started in 1979 and are equilibrated for our study period.
Some selected outputs from both models are calculated at a precise height, for example at 10 m for the wind speed and wind direction, and at 2 m for temperature. However, the reader should observations are close to the surface.
Results and discussion
We present the observed and simulated hourly variations of temperature, humidity mixing ratio, deuterium and d-excess in Fig. 2 , as a function of time. Section 4.1 will be devoted to the study of the day-to-day variability over the period of the campaign in both air observations at 3 m and 2) with isotopic simulations from a snow surface-air model running as a closed system.
Observed and simulated day-to-day variability
In order to estimate the magnitude of the day-to-day variability, we have first removed days which outside of the range were our calibration performance is satisfying) and measured at -35.8°C for the air temperature. Deuterium mean value at 3 m is -410 ‰, with a range of variation from -360 ‰ (on 12/18 at 17 h UTC) to -470 ‰ (on 01/21 at 3 h UTC).
We first compare the model performances for these diurnal mean values. ECHAM5-wiso correctly simulates these mean conditions for the temperature, humidity mixing ratio and deuterium
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while LMDZiso produces too warm and wet near-surface values and presents an significant offset of ∼130 ‰ for deuterium (Fig. 2) , as expected from the lack of distillation associated with a warm and wet bias.
Observations depict a day-to-day variability of 200 ppmv for the humidity mixing ratio, 9 ‰ for deuterium and 4°C for temperature (Fig. 2 ). Both models underestimate the variability of tempera-285 ture and humidity mixing ratio. ECHAM5-iso also overestimates the variability of deuterium. One explanation concerning temperature could be that both models fail to capture the very cold events observed on 12/30, 01/19 and 01/20. They also underestimate the variations of temperature and hu- observations. The deuterium has a high day-to-day variability in ECHAM5-wiso because of the simulation of very depletion events which strongly deviate from the observations. For example on 01/05 at 6 h the simulated value is as low as -520 ‰ against -430 ‰ for the top inlet. These depletion events do not correspond to any parallel signal in the simulated meteorological data.
We note that some of the observed day-to-day variability is associated with the occurrence of 
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We finally focus on deuterium excess. The observed mean value at 3 m is ∼30 ‰, while ECHAM5-wiso produces a mean value of ∼26 ‰, and LMDZiso produces a stable and low value of ∼9 ‰. The interdiurnal standard deviation is 5 ‰ for ECHAM5-wiso and 9 ‰ for our observations. ECHAM5-wiso therefore simulates deuterium excess values close to the observations within these uncertainties.
Surprisingly, some of the air masses simulated by ECHAM5-wiso have a correct deuterium excess 305 variability (e.g. on 01/05 and 01/13), despite the fact that the model is not able to simulate correctly the magnitude of the δD depletion during these days, as reported above. is much weaker than their diurnal variations (Sect. 4.2). The strong linear relationship on the diurnal scale highlights the importance of the local processes, which will be investigated through a box model in Sect. 4.3. 
Observed and simulated diurnal cycles
We present in Fig. 3 the diurnal variation of six parameters stacked over 18 days (labeled as 'selected diurnal cycles' in Fig. 2 ) with a 1 h resolution. The reader should notice that the wind components from the models are simulated at 10 m, whereas weather observations are located at 2 m.
We have chosen 18 days showing a strong diurnal variation in the humidity mixing ratio and the 320 isotopes for the purpose of stacking them: for each of these days and for each parameter, we have removed the daily mean value to get the anomalies. Fig. 3 represents ±1 MSD).
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The saturated mixing ratio has been shifted to preserve (q sat −q) and allow a meaningful comparison with the humidity mixing ratio anomalies. The averaged temperature (averaged humidity mixing ratio at 3 m) over the 18 selected days is -23.6±1.9°C (1130±170 ppmv), which is close to the mean values over the campaign (-23°C, 1100 ppmv) and indicates that these days constitute a representative sample of the campaign. We will also frequently refer to the measurements performed by Van As . The underestimation might be due to the horizontal resolution, which is too coarse to represent properly the katabatic winds, especially in LMDZiso.
We focus on the amplitude of the diurnal cycles, summarized in Table 4 . The diurnal amplitude of 345 observed surface air temperature is 10.0°C (within a MSD of 1.0°C). Van As et al. (2005) found an amplitude of ∼ 14°C at the surface and ∼11°C at 1 m, which is consistent with our observations.
For the measurements from the 3 m inlet, we find a diurnal amplitude for q of 930 ppmv and for δD of 36 ‰. The magnitude of mean daily δD and temperature variations is similar to that observed in Greenland at NEEM (∼35 ‰ for δD and ∼10°C), despite much larger humidity variations in
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Greenland with ∼ 2300 ppmv (Steen-Larsen et al., 2013) . Both models strongly underestimate the diurnal amplitude of the temperature and the humidity mixing ratio variations at Kohnen. Surprisingly ECHAM5-wiso manages to simulate the right magnitude of the diurnal deuterium variability (32 ‰), however with a large MSD of 15 ‰ (Table 4) .
We now compare the amplitudes at 0.2 and 3 m for the humidity mixing ratio and the δD. The
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absolute difference between the amplitudes measured from the bottom and the top inlets is 80 ppmv for q (20 % of ∆q) and 4 ‰ for δD. The average of the standard deviations associated with the minima and maxima from both inlets give ∼125 ppmv for q and ∼6 ‰ for δD, and we cannot conclude that the amplitude is decreasing significantly with height. However, the strong diurnal cycle in specific humidity, in phase with temperature, is unlikely to be caused by synoptic variability, and we hypothesize that the diurnal variations in q are in fact due to evaporation and condensation. This hypothesis will be tested using a simple box model in section 4.3.
In the observations, diurnal air temperature variations occur in phase with δD and humidity mixing ratio measured at 0.2 m, with minima at 2 h and maxima at 16 h. While δD observations from 0.2 and 3 m seem synchronous within uncertainties, the humidity mixing ratio measured from the top because it simulates higher temperatures, where the distillation effect on d-excess is weaker.
As previously reported for daily mean values ( 
Air-snow exchanges
395
In order to document the water exchanges between the surface snow and the overlying vapor, we sampled the snow surface hourly for 35 hours on a clear day (Section 3.5). We sampled the top 2-5 mm of three snow patches every hours, with 5 juxtaposed replica for each patch (15 samples per hour). Each hourly data point is the average of the five snow samples, and its standard deviation is 0.03 ‰ for δ 18 O and 0.2 ‰ for δD. We identify a clear diurnal cycle in the snow with a significant 400 peak-to-peak amplitude of ∼ 3 ‰ for δD and ∼ 0.4 ‰ for δ 18 O, in phase with the diurnal cycle in the air (Fig. 4) . Unfortunately, the cooling phase during the night of 2014/01/09 is restricted compared to the usual strong decreases in temperature or humidity shown in Fig. 3 because the presence of a cloud cover. This meteorological event is likely to have impacted T , q and δD during the cooling phase.
405
We notice that the vapor is close to or at saturation by looking at the saturated mixing-ratio calculated in Fig. 4 . We can therefore expect condensation to occur during the night (and sublimation during the day as the diurnal cycle is observed to be approximately symmetrical) and an isotopic exchange between the lower atmospheric water vapor and the surface snow. This raises the question, if and by which magnitude condensation and sublimation processes might affect the surface snow 410 and lower the water vapor isotopic composition.
In order to address this question, we set up a simple box model as a closed system containing two interacting and homogeneous reservoirs. Figure 5 depicts the schematics of this model, and introduces our notations. As this system is closed, the variation of moisture in the air (and its isotopic composition) is only due to condensation/sublimation during the cooling/warming phase and we on the values from the mean stack of the 18 diurnal cycles instead of the specific day corresponding to the snow sampling because of the unusually high temperature and humidity during the night of 2014/01/09. We split our analysis into two parts : the cooling phase (from ∼17 h to ∼2 h UTC) and 420 the warming phase (from ∼3 h to ∼15 h UTC).
Cooling phase
The deposition of the condensate on the snow surface during the cooling phase is expected to reach a maximum height of ζ max ∼ 0.1 mm (calculation detailed in Fig. 5 ). As the depth of our surface snow samples is ∼ 2 − 5 mm, we mix the condensate with the snow reservoir. From t to t + 1, an amount 
We will consider the equilibrium case (relative humidity RH set to 1) but also the supersaturated case (RH = 1.1) by replacing α t with the equivalent fractionation coefficient (Jouzel and Merlivat, 1984) , which takes into account the kinetic effects in a supersaturated environment. The required input parameters for simulating δ (2) and the isotopic variation of the condensate (Eq. (3) with h 0 = 0 mm), which does not depend on H 0 , ρ s or ρ d . We have used fractionation coefficients with respect to ice given by Merlivat and Nief (1967) and Ellehoj et al. (2013) .
The amplitude of the simulated isotopic composition of the vapor is for each case three times 450 larger than observed. The box model is closed, so any change in the vapor is forced to condensate in order to keep the mass conservation equation. In reality, there is wind advection but also possible exchanges with the free troposphere, which could partly contribute to the decrease of humidity during the cooling phase in an open system instead of a pure condensation process in a closed system. Nevertheless, our simplistic approach leads to the conclusion that about 40% of the diurnal vapor 455 mixing ratio variation is sufficient to simulate the right order of magnitude of isotopic variations, based on equilibrium fractionation. This is consistent with the results of ECHAM5-wiso: while this atmospheric model underestimates the diurnal variability of humidity (by 40%), it does correctly capture the diurnal variability of deuterium.
The isotopic variation of the condensate is ∼6 ‰ and decreases in phase with the vapor. We define (δD s 0 ) eq is -295 ‰ using the fractionation coefficient from Merlivat and Nief (1967) . This result is consistent with the mean value of the isotopic composition of the three snow patches (Table 6 ). In the first case, the mixing between the condensate and the snow surface will tend toward the equilibrium in a decreasing trend and in the second case the trend is predicted as increasing. This is due to the difference between the isotopic composition of the condensate and the snow surface, negative or positive at a given time t. The response of the model shown in Fig. 7 depends strongly 475 on parameters that are not well constrained. These parameters are the box sizes (a snow reservoir with a depth above 1 cm will keep a constant isotopic composition), the fractionation coefficients (disagreement between Merlivat and Nief (1967) and Ellehoj et al. (2013) ) or the value of δD v 0 , which could be measured with an accuracy of 11‰ (see Table 2 ) only. However, we are able to conclude that the condensation of water vapor is the likely cause of the observed changes in the 480 isotopic composition of the top 2 mm of the snow surface.
Warming phase
From t to t + 1, an amount (m subsaturation is taken into account and a thin layer of liquid water above the snow with the same isotopic composition is considered. Following Merlivat and Jouzel (1979) we have in case (iii):
With RH the relative humidity set equal to 0.9, and k the kinetic fractionation factor given by k δ 18 O = 6.2‰ and k δD = 5.5‰. We present the equations for the vapor and the snow surface for 490 the case (iii) only, noticing that cases (i) and (ii) are mathematically obtained from case (iii).
Assuming an immediate removal of the sublimate from the snow reservoir and an immediate mixing with the molecules contained in the air reservoir, we have for the isotopic composition of the vapor: 
The equations for the isotopic composition of the snow are:
with
We notice that δ s t+1 = δ s t when no fractionation occurs as it is assumed in ECHAM5-wiso and LMDZ-iso. Steen-Larsen et al. (2011) and Landais et al. (2012) showed based on Greenland data that on average the snow surface isotopes and the water vapor isotopes are in equilibrium. They have calculated that the value of the equilibrium factor is between the fractionation coefficient α ice with respect to ice (Merlivat and Nief, 1967; Ellehoj et al., 2013) and the fractionation coefficient α water 510 with respect to water (Majoube, 1971) . We therefore present the results simulated with the different fractionation coefficients (Merlivat and Nief, 1967; Ellehoj et al., 2013; Majoube, 1971) to get an estimate of the uncertainties. Figure 8 displays the measurements and simulations performed for the isotopic composition of the deuterium and d-excess of the vapor during the warming phase. When no fractionation occurs 515 during sublimation, the simulated variation of the deuterium is two times higher than observed. If we were sublimating a block of solid ice, it would be conceivable that only the very surface atoms would be able to sublimate, and the system would not fractionate. However, in the presence of very porous snow, there are a very large numbers of water molecules participating in the snow-air interface, and it is conceivable that snow would behave more like a liquid than like a solid in this respect, and 520 fractionate. We tested for the presence of fractionation by running the box model with a variety of available fractionation factors for air over ice and water (Fig. 8) , and find that using α (Fig. 7) . We focus here only on δD s 0 = -320 ‰, which is the average of the 100 daily snow samples collected at Kohnen over the measurement period. Our data from the three snow patches consistently depict a positive trend during the warming phase, with an amplitude between 3 and 7 ‰ for ∆δD (Fig. 9) .
Simulations with different values of H 0 , h 0 and α t share the same positive trend with a peak-to-peak 535 amplitude between 1 and 8 ‰, which is of the order of magnitude as the observations. We notice that the uncertainties related to the reservoirs heights have greater impacts on the simulated snow surface isotopic values than the different fractionation coefficients. As a result, we are not able to constrain the fractionation factor at sublimation, but we observe that since the surface snow isotopic composition is changing, the sublimation process must be associated with an isotopic fractionation.
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Conclusions
Continuous measurements of temperature, humidity mixing ratio and water vapor isotopes were performed during summer 2012/2013 at Kohnen station in East-Antarctica. These data highlight a strong diurnal cycle, in contrast with rather stable day-to-day mean levels over 1 month of observations. During our monitoring period, the surface vapor isotopic composition was therefore more 545 driven by local processes than by synoptic changes. This motivated us to investigate the diurnal isotopic response of the upper thin layer of snow surface to the atmospheric variations. A continuous hourly sampling over 35 hours of the first ∼2-5 mm of the snow surface of three different snow patches reveals a significant variability in both δD and δ 18 O during a period without snowfall events.
As these variations in the surface snow isotopic composition follow the diurnal trend in the air, this 550 striking result confirms the observations of Steen-Larsen et al. (2013) at NEEM who also observed parallel variations between the snow surface isotopic composition and lower atmosphere isotopic composition. These observations were however with a higher variation on a day-to-day scale. In their case, they reported larger variations in the parallel variations in the isotopic composition of both surface snow (5 mm) and vapor, reaching 10 ‰ over 5 days.
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Two important consequences can be inferred from the snow sample diurnal observations: (1) postdepositional processes have a significant impact on the isotopic composition of the snow surface and (2) the sublimation process is fractionating. These two points are not included in classical isotopic theory and therefore not implemented in atmospheric models.
In order to determine the contributions of condensation and sublimation to the isotopic variations 560 of the vapor and surface snow, we developed a simple model describing the isotopic exchange between two reservoirs contained in a closed system: a water vapor column and a thin snow surface layer. We find that the observed isotopic variations in the water vapor phase (δD
The Cryosphere Discuss., doi:10.5194/tc-2016 Discuss., doi:10.5194/tc- -4, 2016 Manuscript under review for journal The our observed isotopic composition of surface (2-5mm) snow changes during both the warming and the cooling phase (peak-to-peak variation of ∼ 3 ‰ for δD), our crude model is able to reproduce these observations, although the model results depend strongly on the size of the reservoir chosen.
For instance, if we were to sample snow over 1 cm in thickness, the diurnal cycle in δD s would no longer be measurable. We do observe an increase in δD s during the sublimation process, which indi-
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cates that water isotopes fractionate during sublimation, except if the wind removes layers of surface snow. However, the uncertainties in the model geometry, and in air advection prevent us from being able to determine the fractionation coefficient. Our water vapor isotope data suggest however that it is smaller than α ice .
The day-to-day variations in water vapor isotopic composition have a much smaller amplitude than 575 the diurnal cycle, partly because no large synoptic event was recorded during our monitoring period.
Expanding the temporal framework of such monitoring is a pre-requisite in order to better understand the importance of horizontal advection, and to evaluate the processes at play during the winter season. Our observations show the possible importance of surface snow -surface vapor exchanges for the isotopic composition recorded in ice cores. This stresses the potential of isotopic monitoring 580 of snow-air interactions for the study of fractionation processes during water phase change, but also underscore the importance of improvements in analytical accuracy under low humidity conditions. This constitutes an experimental challenge for future works.
Acknowledgements. This first paper is dedicated to Dominique Hirondel, former teacher of history of sciences, for being a role model for scientific curiosity and fascination toward reality. The scientific campaign would . Simulated (box model) deuterium anomalies of the snow surface during the cooling phase, with h0, H0, RH, αt and δD s 0 as varying inputs parameters. Fractionation coefficients at equilibrium come from Merlivat and Nief (1967) and Ellehoj et al. (2013) ., calculated with T at 2 m. Equivalent fractionation coefficients have been calculated from Jouzel and Merlivat (1984) for RH = 1.1.
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'avg', 'min' and 'max' are the mean, the minimum and the maximum value of the parameter over the campaign. 'A' stands for accuracy and 'P' for precision. Every parameter is in ‰, except α * and dα * which are dimensionless.
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The Cryosphere Discuss., doi:10.5194/tc-2016 Discuss., doi:10.5194/tc- -4, 2016 Manuscript under review for journal The Cryosphere hourly mean values (n = 24) Table 5 . Slopes and determination coefficients calculated from two data sets : (1) the 29 daily mean values from the campaign, and (2) the 24 hourly mean values from the stack composed of 18 selected diurnal cycles.
Uncertainties represent 1 standard error on the slopes.
34
The Cryosphere Discuss., doi:10.5194/tc-2016 Discuss., doi:10.5194/tc- -4, 2016 Manuscript under review for journal The 
